Introduction
============

Several 19-gauge needles are currently available for endoscopic ultrasonography-guided fine-needle aspiration (EUS-FNA) and interventions [@JR005-1] [@JR005-2] [@JR005-3] [@JR005-4] [@JR005-5] [@JR005-6] [@JR005-7] [@JR005-8] [@JR005-9] [@JR005-10] [@JR005-11] [@JR005-12] [@JR005-13] [@JR005-14] [@JR005-15] [@JR005-16] [@JR005-17] [@JR005-18]. However, the large bore and inherent stiffness of these needles hinder their maneuverability for puncture. In addition, other factors such as scope position (bent or curved), echoendoscope tip angulation, and elevator use affect the maneuverability of the needle.

In a prior study from our group that evaluated one particular 19G FNA needle (EchoTip, Cook Endoscopy, Winston-Salem, N.C.), we found that the needle was suboptimal for performing transduodenal FNA of pancreatic head and uncinate lesions [@JR005-19]. We observed that when the tip of the echoendoscope was angulated or when the elevator was used, there was increased resistance to passage of the 19G needle that precluded sampling of lesions. Recently, several 19-gauge needles and small diameter echoendoscopes have been developed. In this study, we compared the characteristics of different 19-gauge EUS needles using various echoendoscopes in a bench simulator (see below) to provide standardized, reproducible, comparative performance data.

Materials and methods
=====================

Echoendoscopes
--------------

Five curved linear array echoendoscopes (GF-UCT260, GF-UCT240, and GF-UC240P: Olympus Medical Systems, Tokyo, Japan; EG-3870UTK and EG-3270UK: Pentax, Tokyo, Japan), were examined using the bench simulator. The specifications of these echoendoscopes are described in [Table 1](#TB005-1){ref-type="table"}.

###### Specifications of echoendoscopes.

                                  Olympus   Pentax             
  ------------------------------- --------- -------- --------- ---------
  Outer diameter (mm)                                          
  Distal end                      14.6      14.2     14.3      12
  Insertion tube                  12.6      11.8     12.8      10.8
  Bending section (degree)                                     
  Up/down                         130/90    130/90   130/130   130/130
  Right/left                      90/90     90/90    120/120   120/120
  Working length (mm)             1,250     1,250    1,250     1,250
  Working channel diameter (mm)   3.7       2.8      3.8       2.8
  Elevator angle (degree)         90        90       90        90

19G needles
-----------

The characteristics of commercially available 19-gauge EUS needles were evaluated by bench simulation for both extent of possible angulation and for resistance to passage under various conditions. Four 19-gauge EUS needles were evaluated: 1) Expect^TM^ standard type (Ex-19G) (Boston Scientific Japan, Tokyo, Japan), 2) Expect^TM^ flexible type (ExF-19G) (Boston Scientific Japan), 3) EchoTip^®^ ULTRA (ET-19G) (Cook Endoscopy), 4) EchoTip^®^ ProCore^TM^ (PC-19G) (Cook Endoscopy).

Before the bench simulation, the diameter of each needle was accurately measured by a digital micrometer caliper (MDC-25, Mitsutoyo, Kanagawa, Japan).

Bench simulation
----------------

The bench simulator was designed and constructed by one of the authors (T.I.), specifically for the comparative evaluation of different EUS-FNA needles as previously described [@JR005-19]. The operating portion of the echoendoscope was fixed using a vise, and the insertion portion was fixed in straight [Fig 1a](#FI005-1a){ref-type="fig"} and curved [Fig 1b](#FI005-1b){ref-type="fig"} positions using a wooden board, vinyl chloride tubing with a diameter of 19 mm (ST-19, Toyocs Co., Ltd., Toyama, Japan), and stainless steel saddle grips.

We repeated all the tests with the endoscopes held in both straight and curved positions.

### Range of angulation of echoendoscope distal tips and consequent angulation of needles

We measured the maximum achievable angulation for each possible combination of the five echoendoscopes and the four 19G needles. The maximum distal tip "up" and elevator "up" settings were used. Thus the "big knob" (up-down) and not the small knob (left-right) of the echoendoscope was used. This was set at 0° and at maximum in each echoendoscope and the elevator was set at 0° and 90° (maximum). When the tip of the needle was flexed, the angle between the echoendoscope and the sheath of the needle was measured.

The echoendoscope angle and the needle angle, were defined as angle A and angle B, respectively, as shown in [Fig 2](#FI005-2){ref-type="fig"}. Optimal angulation was defined as angle A and angle B being more than 90° and 110°, respectively.

All measurements were repeated with the scopes held in both the "straight" and the "curved" positions (see [Fig 1](#FI005-1a){ref-type="fig"}).

###### 

**Fig. 1** Bench simulator: **a** straight therapeutic scope position; **b** curved scope position.
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![ Measurement of angulations of distal tip of echoendoscope and needle: A, distal tip angulation; B, needle angulation.](10-1055-s-0033-1359212-i005ei2){#FI005-2}

### Resistance of needles

The resistance to needle advancement through the endoscope was measured using an Autograph (AGS-H, Shimadzu Corporation, Kyoto, Japan), which has a highest tolerable force of 1,000 newtons (1,000 N) ([Fig 3](#FI005-3){ref-type="fig"}). The needles were advanced at a speed of 500 mm/min. The length of the needle insertion was 30 mm. The resistance to advancement of the needle was recorded continuously during insertion. The data were analyzed by dedicated software (Factory Shikibu 2000, Shimazu Factory Manufacture).

![ Autograph equipment for examination of resistance to needle insertion.](10-1055-s-0033-1359212-i005ei3){#FI005-3}

In this study, the resistance of each FNA needle was measured more than 3 times to obtain reproducible results (mean 3.2 times, range 3 to 5 times) using each scope at each of the possible settings. We prepared and used five each of the four 19G needles for the examination.

As there were five scopes, each with two settings of the distal tip (up/down) and two settings of the elevator (up/down), 20 values were obtained for each needle. Again, all of these measurements were repeated with the scopes held in both the "straight" and the "curved" positions (see [Fig 1](#FI005-1a){ref-type="fig"}).

We used our prior data for resistance to needle advancement (*R* ~needle~) [@JR005-18] for grading the resistance: *R* ~needle~ \< 8 N, optimal setting; *R* ~needle~ \> 8 N, suboptimal; *R* ~needle~ \> 11 N, impossible to advance the needle.

Statistics
----------

Statistical analyses were performed with StatMate III (ATMS Co. Ltd., Tokyo, Japan). Normally distributed data are presented as the mean ± standard deviation (SD). Kruskal-Wallis test as non-parametric statistic was used to compare between each needle resistances. A P value less than 0.05 was regarded as indicating a statistically significant difference.

Results
=======

Actually achieved distal tip and needle angulations
---------------------------------------------------

### Type of echoendoscopes

#### Olympus

The results for all the combinations of scopes and needles, with the scope held in a straight position, are shown in [Table 2](#TB005-2){ref-type="table"}. In the straight scope position, for both angle A and angle B, the new therapeutic Olympus scope (GF-UCT260) showed optimal angulation using various 19-gauge needles ([Table 2](#TB005-2){ref-type="table"}). However, both angle A and angle B in two echoendoscopes (GF-UCT240 and GF-UCP240) using standard FNA needles (Ex-19G and ET-19G) were suboptimal.

###### Angles of echoendoscope and needle using the various 19-guage EUS needles in the straight scope position.

               Angle of echoendoscope (angle A) (degree)   Angle of needle (angle B) (degree)                                 
  ------------ ------------------------------------------- ------------------------------------ ----- ----- ----- ----- ----- -----
  Olympus                                                                                                                     
  GF-UCT260    93                                           96                                   90    94   113   115   114   116
  GF-UCT240    77                                           90                                   88    92    96   115   108   115
  GF-UCP240    85                                           92                                   88    90   105   115   105   115
  Pentax                                                                                                                      
  EG-3870UTK   90                                          100                                  100   110   113   125   135   136
  EG-3270UK    55                                           70                                   72    80    95    95   104   104

Abbreviations: ET, EchoTip; EUS, endoscopic ultrasonography; EX, Expect; ExF, Expect Flex; G, gauge; PC, ProCore.

In the curved scope position, angle A and angle B were each optimal in only one of the 16 possible settings. In both the straight and the curved scope position, the GF-UCT260 allowed in 50 % of possible settings better optimal angles compared to others ([Table 3](#TB005-3){ref-type="table"}).

###### Angles of echoendoscope and needle using the various 19-gauge EUS needles in the curved scope position.

               Angle of echoendoscope (angle A) (degree)   Angle of needle (angle B) (degree)                               
  ------------ ------------------------------------------- ------------------------------------ ---- ---- ----- ----- ----- -----
  Olympus                                                                                                                   
  GF-UCT260    92                                          95                                   82   90   108   112   100   115
  GF-UCT240    78                                          90                                   84   87   104   104   106   115
  GF-UCP240    80                                          80                                   80   88   105   104   106   111
  Pentax                                                                                                                    
  EG-3870UTK   85                                          95                                   88   92   105   124   125   130
  EG-3270UK    55                                          65                                   68   70    75    90    94    91

Abbreviations: ET, EchoTip; EUS, endoscopic ultrasonography; EX, Expect; ExF, Expect Flex; G, gauge; PC, ProCore.

#### Pentax

Regardless of scope positions, the therapeutic Pentax scope (EG-3870UTK) showed optimal angles compared to the slim echoendoscope (E6-3270UK) ([Table 3](#TB005-3){ref-type="table"}).

### The type of needles

#### Standard FNA needles (Ex-19G and ET-19G)

In the straight scope position, using the Ex-19G showed optimal angles A and B in only two echoendoscopes the (GF-UCT260 and the EG-3870UTK). With the curved scope position, in almost all conditions, angles A and B were suboptimal angles. The results for the ET-19G were similar to those of the EX-19G.

#### PC-19G

In the straight scope position, the PC-19G showed optimal angle A and B in all but one echoendoscope (EG-3270UK). Similarly, with the curved scope position, angle B was optimal in all but one echoendoscope (EG-3270UK) though angle A in three echoendoscopes (GF-UCT240, GF-UCP240 and EG-3270UK) was suboptimal.

#### ExF-19G

When the scope was straight, the ExF-19G showed optimal Angle A and B in all but one echoendoscope (EG-3270UK). With the curved scope position, 5 out of the 10 values forof angles A and B were optimal.

#### Resistance to advancement of 19-gauge needles

The maximum resistance to advancement of the FNA needles is shown in [Table 4](#TB005-4){ref-type="table"} for the straight scope position and in **Table ** [**5**](#TB005-5){ref-type="table"} for the curved scope position. The results show high reproducibility with only small SDs ([Table 4](#TB005-4){ref-type="table"} and [Table 5](#TB005-5){ref-type="table"}). In all cases, the resistance to the passage of the FNA needles, *R* ~needle~, was greater with greater angulation of the distal tip and of the elevator. Increased resistance was observed irrespective of the type of echoendoscope.

###### The maximum resistance to advancement of needle in the straight scope position (in newtons, N, mean ± SD).

  Echoendoscope   Distal tip angulation   Elevator angulation   Ex-19G         ExF-19G       ET-19G        PC-19G
  --------------- ----------------------- --------------------- -------------- ------------- ------------- -------------
  Olympus                                                                                                  
  GF-UCT260       0°                      0°                    5.03 ± 0.53    2.01 ± 0.21   3.04 ± 0.05   3.35 ± 0.09
  Max             10.73 ± 0.34            4.10 ± 0.20           6.60 ± 0.43    7.03 ± 0.13                 
  Max             0°                      7.78 ± 0.27           4.75 ± 0.53    5.04 ± 0.14   6.78 ± 0.15   
  Max             11.55 ± 0.52            5.13 ± 0.13           6.12 ± 0.10    7.59 ± 0.22                 
  GF-UCT240       0°                      0°                    4.68 ± 0.20    2.75 ± 0.10   4.48 ± 0.16   2.81 ± 0.17
  Max             8.60 ± 0.43             4.34 ± 0.19           8.28 ± 0.40    6.23 ± 0.32                 
  Max             0°                      7.00 ± 0.21           4.98 ± 0.45    7.48 ± 0.21   5.05 ± 0.10   
  Max             9.47 ± 0.12             5.61 ± 0.36           9.09 ± 0.19    6.93 ± 0.08                 
  GF-UCP240       0°                      0°                    7.82 ± 0.25    1.61 ± 0.09   4.38 ± 0.18   3.14 ± 0.43
  Max             9.30 ± 0.37             3.78 ± 0.21           6.93 ± 0.03    5.58 ± 0.08                 
  Max             0°                      13.63 ± 0.40          3.77 ± 0.08    7.58 ± 0.52   5.40 ± 0.09   
  Max             14.58 ± 0.20            5.60 ± 0.87           8.58 ± 0.10    6.87 ± 0.10                 
  Pentax                                                                                                   
  EG-3870UTK      0°                      0°                    4.23 ± 0.25    1.57 ± 0.08   3.12 ± 0.06   2.83 ± 0.16
  Max             6.02 ± 0.39             2.98 ± 0.03           6.05 ± 0.05    4.77 ± 0.08                 
  Max             0°                      7.98 ± 0.30           3.53 ± 0.33    6.83 ± 0.13   4.28 ± 0.53   
  Max             9.30 ± 0.99             4.05 ± 0.23           8.55 ± 0.23    7.03 ± 0.10                 
  EG-3270UK       0°                      0°                    3.63 ± 0.21    1.57 ± 0.03   4.10 ± 0.15   2.82 ± 0.13
  Max             5.00 ± 0.17             7.30 ± 0.64           10.90 ± 0.20   8.42 ± 0.23                 
  Max             0°                      7.95 ± 0.30           3.68 ± 0.08    7.33 ± 0.08   5.23 ± 0.13   
  Max             8.88 ± 0.33             7.42 ± 1.01           10.93 ± 0.17   9.32 ± 0.13                 

Abbreviations: ET, EchoTip; Ex, Expect; ExF, Expect Flex; Max, maximum angulation; PC, ProCore.

###### The maximum resistance to advancement of needle in the curved scope position (in newtons N, mean ± SD)

  Echoendoscope   Distal tip angulation   Elevator angulation   Ex-19G         ExF-19G        ET-19G         PC-19G
  --------------- ----------------------- --------------------- -------------- -------------- -------------- --------------
  Olympus                                                                                                    
  GF-UCT260       0°                      0°                    10.29 ± 0.32    2.51 ± 0.17    5.23 ± 0.15    3.83 ± 0.22
  Max             13.52 ± 0.49             7.84 ± 0.52          12.78 ± 0.51   11.75 ± 0.14                  
  Max             0°                      10.61 ± 0.74           5.29 ± 0.09    7.39 ± 0.15    7.29 ± 0.23   
  Max             14.53 ± 0.77             9.16 ± 0.49          12.80 ± 0.34   11.91 ± 0.63                  
  GF-UCT240       0°                      0°                    10.13 ± 0.62    3.05 ± 0.17    6.91 ± 0.54    4.61 ± 0.34
  Max             12.37 ± 0.38            10.55 ± 0.34          16.35 ± 0.76   12.08 ± 0.97                  
  Max             0°                      13.80 ± 0.22           7.47 ± 0.10   10.65 ± 0.66    8.33 ± 0.34   
  Max             15.23 ± 0.33            11.42 ± 0.08          17.35 ± 0.44   14.43 ± 0.86                  
  GF-UCP240       0°                      0°                     8.87 ± 0.32    3.39 ± 0.20    7.66 ± 0.23    4.53 ± 0.18
  Max             12.05 ± 0.40             9.25 ± 0.15          14.50 ± 0.83   10.10 ± 0.15                  
  Max             0°                      12.45 ± 0.26           6.23 ± 0.06   10.22 ± 0.20    7.60 ± 0.21   
  Max             14.70 ± 0.25            12.15 ± 0.72          15.11 ± 0.71   11.67 ± 0.24                  
  Pentax                                                                                                     
  EG-3870UTK      0°                      0°                    10.77 ± 0.12    2.03 ± 0.08    5.64 ± 0.07    3.15 ± 0.10
  Max             12.62 ± 0.15             5.43 ± 0.10          12.30 ± 0.30    9.33 ± 0.53                  
  Max             0°                      14.95 ± 0.48           4.55 ± 0.09    9.18 ± 0.08    7.10 ± 0.05   
  Max             16.00 ± 0.35             5.88 ± 0.26          11.35 ± 0.20    9.95 ± 0.36                  
  EG-3270UK       0°                      0°                     7.72 ± 0.53    2.47 ± 0.08    4.47 ± 0.23    3.33 ± 0.10
  Max             11.27 ± 0.31            10.11 ± 0.55          15.80 ± 0.22   14.78 ± 0.28                  
  Max             0°                      11.65 ± 0.54           6.65 ± 0.17    9.70 ± 0.23    8.05 ± 0.22   
  Max             13.00 ± 0.18            12.08 ± 0.40          17.77 ± 0.63   13.12 ± 0.51                  

Abbreviations: ET, EchoTip; EX, Expect; ExF, Expect Flex; Max, maximum angulation; PC, ProCore.

### Straight scope position

With a straight scope, the numbers of optimal settings of the distal tip and the elevator in the Ex-19G, ExF-19G, ET-19G, and PC-19G, were 11 /20 (55 %), 20 /20 (100 %), 14 /20 (70 %) and 18 /20 (90 %), respectively ([Table 4](#TB005-4){ref-type="table"}). These were the settings where the resistance to advancement of the needle was ≤ 8 N. The mean maximum *R* ~needle~ was smaller for the ExF-19G than for others in all scope and angle conditions (p \< 0.05).

### Curved scope position

With the scope in a curved position, needle advancement was graded as "impossible" in 14 /20 settings (70 %) for the Ex-19G, 3 /20 (15 %) for the ExF-19G, 10 /20 (50 %) for the ET-19G and 7 /20 (35 %) for the PC-19G ([Table 5](#TB005-5){ref-type="table"}). On the other hand, the numbers of optimal settings for the Ex-19G, ExF-19G, ET-19G, and PC-19G, were 1 (5 %), 13 (65 %), 6 (30 %) and 8 (40 %), respectively. In almost all conditions, the mean maximum *R* ~needle~ for the ExF-19G was smaller than that of others (p \< 0.05).

Discussion
==========

Interventional EUS procedures frequently require the use of a 19-gauge needle in conjunction with a 0.035-inch guidewire. However, most 19-gauge needles, given their large caliber, encounter resistance when the echoendoscope tip is angulated resulting in poor maneuverability. Our experimental study [@JR005-19] revealed that the distal tipup and elevator-up positions lead to higher resistance for the needle, resulting in difficulty in puncture by the needle and contributing to shearing of the guidewire. To overcome this limitation, recently, newer 19-gauge needles and a slim echoendoscope (the EG-3270UK) have been developed.

Until now, although there have been several experimental and clinical comparative studies between 19-gauge needle and others (Trucut, 22 -- and 25-gauge needles) [@JR005-19] [@JR005-20] [@JR005-21] [@JR005-22] [@JR005-23], there has been no comparative study for various 19-gauge needles including newer ones in combination with various old and newer echoendoscopes.

Angles A and B may represent, respectively, the abilitiesto delineate and to puncture targeted lesions. Smaller angles may mean less needle maneuverability, thereby limiting the various interventions. In the present study, although initially we postulated that there was no difference between the angles A and B among the standard echoendoscopes equipped with a 19G needle, the standard Pentax scope (EG-3870UTK) showed optimal angulation with a variety of 19G needles compared with standard Olympus echoendoscopes. However, we should consider actual clinical situations because the echoendoscopic delineation of targeted lesions depends on both the flexibility of the scope and the direction of the ultrasound probe. The direction of the ultrasound probe differs between the Pentax and Olympus echoendoscopes, which have a side and an oblique direction, respectively, for the ultrasound beam direction. Therefore, the actual differentiation between the standard Pentax and Olympus scopes may be unclear because we did not image any real lesions by means of EUS with a 19G needle. The diagnostic slim Pentax echoendoscope (EG-3270UK) showed comparatively lower scope angulations than others. These data suggest that the standard large-diameter EUS scope has a robust wire that enables the large tip of the endoscope to be safely bent, while the diagnostic slim echoendoscope does not have a such a robust wire. That may lead to lower angulations when the 19-gauge needle is used. Since the needle angulation (angle B) is the most important parameter for various interventional EUS procedures, the Pentax slim echoendoscope in combination with a 19-gauge needle seems to be suboptimal for interventional EUS.

In terms of selection of a 19-gauge needle, from the aspect of the scope--needle angles allowed by various echoendoscopes, our data suggested that among the various 19-gauge needles, the ExpectTM flexible type needle (Boston Scientific) and/or the ProCoreTM needle (Cook Endoscopy) appear to be optimal for interventional EUS including EUS-FNA, because of the optimal angulation in various scope settings. However, the two needles are quite different in concept: theProCore^TM^ needle is basically used for dedicated EUS-FNA procedures and the Expect^TM^ flexible needle for both FNA and interventions. In terms of cytological/histological performance, we suggest that there may be differences between the classic 19-G needle and the ProCore^TM^ 19-G/ Expect^TM^ 19-G flexible type needle in special settings, e. g. the trans-duodenal approach to lesion puncture. In addition, they seem to be optimal for EUS-FNA when core tissues, obtained using a 19-G needle are preferable for accurate diagnosis in special settings such as malignant lymphoma and autoimmune pancreatitis, although current 22-G and/or 25-G needles are sufficient for EUS-FNA in patients with common diseases such as pancreatic cancers.

Even when lesions can be well delineated, the puncture is not always successful because of lack of sharpness of the needle and the resistance to its advancement. Resistance to the needle is caused by various factors, e. g. torque, kinking of working channel due to scope position, and use of distal tip/elevator angulation. These limited the performance of the needle, resulting in failure of puncture during EUS-FNA. Our previous study evaluating resistance to the needle revealed that resistance to needle advancement was moderate at s resistance of 5 N or more and high at 8 N or more, and that it was impossible to advance the needle when the resistance was 11 N or more [@JR005-19]. In the short scope position, the transgastric approach, unless the maximum up-angulation was applied in the distal tip and the elevator at the same time, needle punctures was possible using any 19-gauge needle. The results of the present study were similar to our previous data [@JR005-19]. In the straight scope position, the new flexible 19-gauge needle encountered comparatively less resistance than other needles and all needles encountered lower resistance (\< 8 N). When the scope was curved, most of the 19G needles met resistance greater than 10 N. In particular, in the case of both distal-tipup and elevator-up angulation, resistances to the needle were more than 11 N, meaning that puncture was impossible. Also surprisingly, the *R* ~needle~ for the new flexible 19-gauge needle was lower than that of others. Our results suggest that for needle puncture in difficult situations, such as trans-duodenal approach, the flexible 19G needle may be most appropriate. However, even when the flexible 19-gauge needle is used, the tight bending of distal tip-up and elevator-up angulation hinders advancement of the needle and at times, puncture by the needle is impossible, in particular when diagnostic thinner echoendoscopes (GF-UCP240 and EG-3270UK) are used. We speculate that in such thinner scopes, the needle compliance decreases because of kinking of the smaller working channel by distal tip angulation, or because of strong friction when the the needle is pinned by the elevator mechanism.

The up-to-date findings of our study may be important because they are an important step in knowing which 19-gauge needles and endoscopes are better for EUS-related procedures. Our results suggest that both the Expect^TM^ flexible type needle and the ProCore^TM^ needle seem to be optimal for EUS-FNA used with either therapeutic Olympus (GF-UCT260 and GF-UCT240) or Pentax scopes (EG-3870UTK). However, for interventional EUS that requires the use of a guidewire, the Expect^TM^ flexible needle appears to be optimal, in particular for the trans-duodenal approach.

The current 19-gauge needles, however, are still not the best for EUS-related procedures. For instance, the 19G ProCore^TM^ needle and the Expect^TM^ 19G flexible needle are still not as flexible compared to current 22 -- and 25-gauge needles. Thus, we still need of better technology to overcome this limitation.

There are several limitations in this study. Since various factors, such as echoendoscope position, the patient's pathology, anatomical differences, and torque of the scope cannot be reproduced in an experimental model, the conclusions may not hold true for all clinical scenarios.

In conclusion, our experimental data suggests that both the Expect^TM^ flexible type needle and the ProCore^TM^ needle seems to be most suitable for EUS-FNA procedures. The Expect^TM^ flexible type needle appears to be particularly suitable for the trans-duodenal approach and for interventional EUS procedures.
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